ABSTRACT: Herbal extracts are gaining widespread acceptance as ingredients in cosmetic and health products. Moringa oleifera Lam. is an interesting candidate as it has multiple biological properties. However, methods for quality control of the use of M. oleifera are still required. This study proposes the use of isothiocyanate compounds and astragalin as chemical markers to standardize M. oleifera extracts. Both of these compounds are known to have anti-inflammation properties, and astragalin is also reported to have antioxidant properties. The HPLC-based cyclocondensation method was further developed and validated specifically for quantitative analysis of the isothiocyanate compounds in the M. oleifera extracts, and the concentration of astragalin in the M. oleifera extracts was determined by the HPLC method. Both methods gave acceptable linearity, accuracy, and precision with the limit of detection of 0.13 µg/ml for total isothiocyanate and 0.10 µg/ml for astragalin. The uses of the methods were demonstrated in the analyses of the components in the extracts taken variously from the leaves, immature seeds, mature seeds, petioles, and pods of the M. oleifera tree. Our results suggest that the methods developed could be used in the quality control of M. oleifera extracts to develop cosmetic and natural health products.
INTRODUCTION
Moringa oleifera Lam. (Moringaceae family) is a plant commonly found in several tropical and subtropical countries. Traditionally, M. oleifera has been used for its medicinal benefits, including antiinflammation [1] [2] [3] , anti-oxidation [4] [5] [6] , anti-bacterial, and anti-fungal [7] [8] [9] properties, wound healing [10] [11] [12] , and skin revitalization 13 . Currently, many cosmetics and natural health products use M. oleifera extracts as an active ingredient. This situation therefore deserves more analysis and understanding of the M. oleifera, as evidenced by the call of the Dietary Supplements and Herbal Medicines (DSHM) Nomenclature Subcommittee, the U.S. Pharmacopeial Convention (USP) for a Priority New Dietary Supplement Monograph on the subject (www.usp. org).
The bioactive constituents of M. oleifera related to cosmeceutical and medicinal actions are astragalin, a major flavonoid from the leaves, and isothiocyanate glycosides (Fig. 1) . Astragalin has been shown to exhibit anti-skin inflammation action in mice 14 , an effect that may relate to the inhibition of nuclear factor-kappa B (NF-κB) signalling pathway [15] [16] [17] [18] . Astragalin is also known to have antioxidant properties [19] [20] [21] . Isothiocyanate glycosides, found in leaves, seeds, and pods, exhibit strong antiinflammatory activity by regulating the production of nitric oxide (NO), inducible NO synthase (iNOS), and cytokines of macrophages in vitro [22] [23] [24] [25] . In the present study, we propose to use astragalin and isothiocyanates as chemical markers for quality control and standardization of M. oleifera extract. A procedure for the quality control of M. oleifera leaves has been extensively described in the Ayurvedic Pharmacopoeia of India. However, the chemical analysis described in that monograph 
was conducted via thin-layer chromatography system without any chemical markers 26 . Astragalin has been used as a chemical marker for quality control of M. oleifera using the high performance liquid chromatography (HPLC) method in the Malaysian Herbal Monograph but the run time is quite long (55 min per sample) 27 . In this study, we develop and validate the HPLC-condensation method for quantitative analysis of total isothiocyanate compounds and the HPLC method for the quantitative analysis of astragalin in M. oleifera extracts. The extracts of the leaves, immature seeds, mature seeds, pods, and petioles from M. oleifera were determined for the presence of these compounds using both proven methods.
MATERIALS AND METHODS

Chemicals and reagents
Standard compounds of astragalin and phenethyl isothiocyanate were purchased from Sigma-Aldrich (Steinheim, Germany). 1,2-benzenedithiol was acquired from Tokyo Chemical Industry (Tokyo, Japan). All solvents used were of HPLC grade and were obtained from RCI Labscan (Bangkok, Thailand).
Plant materials
Leaves, immature seeds, mature seeds, pods, and petioles of M. oleifera were collected from Phitsanulok Province, Thailand. After cleaning, the plant samples were dried in a hot air oven at 50°C. The dried samples were ground into coarse powder. The voucher specimen was kept at Faculty of Science, Naresuan University (Phitsanulok, Thailand). The plant was identified by Dr Pranee Nangngam.
Plant extractions
The rough powdered M. oleifera leaves were extracted in three different solvents: water, 50% ethanol, and 95% ethanol. For extraction by water, the powder was infused with water at 60-70°C, and shaken for 45 min. The resulting extract was filtered through filter paper, and the water was removed by freeze drying. For the 50% ethanol extract, the powder was macerated with 50% ethanol for 48 h while shaking and then filtered through filter paper. The ethanol was then evaporated by a rotary evaporator. The residual water was then removed by freeze drying. For the 95% ethanol extract, the powder was macerated with 95% ethanol for 48 h while shaking and then filtered through filter paper. The ethanol was then evaporated using a rotary evaporator. The other plant parts (immature seeds, mature seeds, pods, and petioles) were coarsely powdered. The powder was then macerated in 50% ethanol to obtain the crude extracts by the methods described earlier. After extraction, the crude extracts were weighed and stored in a freezer (−20°C) for further use.
Plant extract solutions
Stock solutions of M. oleifera extract were prepared at 10 mg/ml. The water extracts and 50% ethanol extracts were dissolved in distilled water, and the 95% ethanol extracts were dissolved in ethanol. The stock solutions of the extracts were then diluted to 1 mg/ml in the mobile phase before HPLC analyses.
HPLC-based cyclocondensation method to determine total isothiocyanates
Standard stock solutions of phenethyl isothiocyanate were prepared by dissolving the substances in methanol to a final concentration of 1 mg/ml. The standard working solutions were made by diluting the stock solutions with mobile phase.
The cyclocondensation assay method was modified from the previous report 28, 29 . Briefly, in a 5-ml glass vial, 0.25 ml of each phenethyl isothiocyanate sample was mixed with 0.25 ml of 100 mM K 3 PO 4 buffer (pH 8.5), 0.5 ml of 10 mM 1,2-benzenedithiol in methanol. The reaction mixture was incubated www.scienceasia.org for 2 h at 65°C, and then cooled to room temperature. The mixture was filtered through 0.45 µm nylon membrane. A 0.1 ml aliquot of the mixture was injected into the HPLC system for analysis of the isothiocyanates content.
The HPLC system used in the analysis consisted of Shimadzu LC-2OAT pumps, DGU-20A5 degasser SPD-M10Avp diode array detector, and Phenomenex Gemini 5 µm C18 column. The isocratic mobile phase was methanol: water (4:1 v/v), at a flow rate of 1.2 ml/min. The eluates were monitored at 365 nm. Each sample was eluted for a total of 7 min.
HPLC method for determination of astragalin
Standard stock solutions of astragalin were prepared by dissolving the substances in methanol to a final concentration of 1 mg/ml. The standard working solutions were made by diluting the stock solutions with the HPLC mobile phase.
The accuracy was evaluated by performing the recovery study. Solutions of three known concentrations of standard compound were added to 100 µg/ml of M. oleifera leaf extract samples. The recovery of each standard concentration from the spiked samples was calculated.
The method was modified from the previous study 30 . The HPLC system configuration as mentioned above was used together with Phenomenex Luna 5 µm C18 column. The isocratic mobile phase was 0.1% acetate buffer: acetonitrile (3:1 v/v), pH 4.5 at a flow rate of 1 ml/min. The eluates were monitored at 267 nm. The total run time was 12 min.
Method validation
Both methods were validated for range of linearity of the calibration curve, precision, accuracy, LOD, and LOQ values.
The calibration curves were plotted by peak areas and the concentrations of each standard. The stock standard solutions were diluted to 6 different concentrations. The linear regression equations were y = ax ±b, where x was the concentration and y was the peak area of each standard. The linearity was verified by linear regression (R 2 ). The precision was assessed by repeated injection at each of 3 concentrations in calibration curve. The intra-day precision was determined by 5 replicates for a day, and the inter-day precision was determined by 5 replicates for each of 3 days. The precision was assessed by calculating the relative standard deviation (RSD).
Limit of detection (LOD) was defined as the lowest concentration which can still be detected by the analysis method but does not have an accurate value. This was determined by the signal-to-noise ratio of 3:1. Limit of quantification (LOQ) was defined as the lowest sample concentration which can still be quantitatively detected with accuracy and precision. It was determined by the signal-tonoise ratio of 10:1.
Determination of astragalin and total isothiocyanates in M. oleifera leaf extracts
Total isothiocyanates and astragalin in various M. oleifera extract samples were determined using the validated HPLC methods.
RESULTS AND DISCUSSION
Validation of HPLC method for determination of astragalin and total isothiocyanates
The cyclocondensation assay depends on the carbon atom of the −N− −C − −S group of the isothiocyanate compound reacting with the thiol groups of 1,2-benzenedithiol to form 1,3-benzodithiole-2-thione and the corresponding amine (Fig. 2) .
The product of the reaction was determined by HPLC. The typical chromatograms of 1,3-benzodithiole-2-thione from cyclocondensation of phenethyl isothiocyanate standard is shown in Fig. 3a . The retention time of 1,3-benzodithiole-2-thione was 4.13 min. The amount of total thiocyanates in the samples determined was reported as equivalent to phenethyl isothiocyanate. For the analysis of another active constituent, astragalin, an HPLC method was also used. A typical chromatogram of astragalin standard is shown in Fig. 4a . Astragalin was eluted at 5.41 min. Linearity was achieved in the range 0.5-16 µg/ml for both methods. The calibration curves were linear with excellent correlation coefficients (R 2 > 0.999). The regression equations were y = 43028 x + 7966.5 for phenethyl isothiocyanate and y = 50495 x − 723.02 for astragalin. The minimum concentration levels which can be detected (LOD) and quantified (LOQ) in the analysis were found to be 0.13 µg/ml and 0.5 µg/ml for phenethyl isothiocyanate, 0.1 µg/ml and 0.5 µg/ml for astragalin, respectively. This indicated that both HPLC methods are properly sensitive for the quantification of these bioactive compounds. The RSD and recovery values were within acceptable ranges based on the AOAC Guidelines for Single Laboratory Validation of Chemical Methods (www.aoac.org). All method validation parameters are shown in Tables 1 and 2 . These results demonstrated that both methods were reproducible with good accuracy and precision. System suitability parameters for isothiocyanates and astragalin demonstrated that the methods are suitable for determining these compounds in M. oleifera extracts.
Determination of total isothiocyanates and astragalin in M. oleifera extracts
To pinpoint M. oleifera extracts that had high amount of bioactive compounds, the HPLC methods were applied for determination of total isothiocyanates and astragalin contents in different extracts of leaves, immature seeds, mature seeds, pods, and petioles of M. oleifera. The representative chromatogram of reaction product from cyclocondensation of M. oleifera extract and the representative chromatogram of M. oleifera extract are shown in Figs. 3b and 4b , respectively. The extraction yields and the contents of total isothiocyanates and astragalin in different extracts are exhibited in Table 3 . The extracts from M. oleifera leaves, extracted by 50% ethanol, had the highest extraction yield compared to those extracted with water and 95% ethanol. Although a quantitative analysis of isothiocyanate contents in M. oleifera leaf extract using liquid chromatography mass spectrometry has previously been reported, only compounds 1 and 4 were determined 25 . Hence, our study is the first report on analyses of total isothiocyanate contents (compounds 1-4) in the extracts taken variously from the leaves, immature seeds, mature seeds, petioles, and pods of the M. oleifera tree. Isothiocyanates were detected in all extracts and ranged from 0.72-27.84 mg of phenethyl isothiocyanate equivalent/g extract. In comparison with the other extracts, the mature seed extract had the highest amount of total isothiocyanates. The leaf extract prepared by 50% ethanol had a higher amount of www.scienceasia.org Intra-day (n = 5) Inter-day (n = 15) Intra-day (n = 3) Inter-day (n = 9) (µg/ml) (µg/ml) total isothiocyanates than in the extracts by the other solvents. Nevertheless, the amount of total isothiocyanates in leaf extracts in our study was lower than in the extracts by water in the previous study. The variation may be possibly caused by the effect of different cultivated area and extraction process.
For the HPLC analyses of astragalin in M. oleifera extract, our method needed shorter run time than the previous methods. Astragalin was not detected in the immature seed and mature seed extracts and could not be quantified (< LOQ) in the pod extract. The 95% ethanol extract of leaves had the highest amount of astragalin followed by the 50% ethanol extract of leaves. The amount of astragalin in the leaf extracts prepared by 95% ethanol and 50% ethanol were higher than in those prepared in 70% ethanol extract in the previous study.
CONCLUSIONS
The two developed HPLC methods for the quantitative determination of anti-inflammatory and antioxidant compounds, total isothiocyanates, and astragalin in M. oleifera extracts are simple, rapid, precise, and accurate. Consequently, these methods can be used for quality control and standardization of M. oleifera raw materials, extracts, and finished products. The 50% ethanol extract of mature seeds had the highest content of total isothiocyanates without the presence of astragalin. The high content of total isothiocyanates and astragalin that was found in 50% ethanol extract of leaves indicates that this extract is a potential active-ingredient in cosmetic and health products.
